In order to solve the corrosion problem of steel bar in magnesium cement concrete, coating is proposed to protect steel bar from corrosion, and then to promote its application in the construction of the West Saline Lake and the saline soil area. Steel bar that in magnesium cement concrete is processed by ZINTEK coating and then a one-year electrochemical experiment was conducted by the CS350 electrochemical workstation on blocks in three environments, which are in the natural environment, water and magnesium chloride solution. Finally the polarization curves and electrochemical impedance spectra were analyzed by combining theory with experiment. The results show that the ZINTEK coated steel bars can be well protected from corrosion, and the corrosion current density of 360d shows that it is in a low corrosion stage. The corrosion current density is reduced with the growth of magnesium cement concrete protection layer thickness and coated steel bar corrosion current density of 50cm protective layer thickness is half an order of magnitude smaller than the thickness of 25cm.
INTRODUCTION
Saline soil distribution area in six provinces of Western China-Shaanxi, Gansu, Ningxia, Qinghai, Mongolia, Xinjiang-is 2506.33104hm 2, 1 . The working life of ordinary concrete buildings is largely reduced because of the large amount of chloride, sulfate and bicarbonate in the saline soil, thus making it difficult to construct infrastructure in the western region. In the implementation of the "The Belt and Road" in China's strategy, there are much saline soil and Saline Lake distribution area along the middle artery which is Beijing -Xi'an -Urumqi line -Afghanistan -Kazakhstan -Hungary -Paris 2 , and the branch of Lanzhou -Xining -Golmud, Lanzhou -Zhangye -Jiayuguan -Urumqi 3 . Therefore, the harm of saline soil is a major problem that can't be ignored in the development of "The Belt and Road" in our country. Magnesium oxychloride cement [4] [5] is a kind of magnesia cementitious material composed by MgO-MgCl 2 -H 2 O system, which has a good performance of bittern-resistance without modification. It has a good working performance in saline area but also has strong corrosion to metal. In this paper, steel bar that in magnesium cement concrete is processed by coating to resist chlorine salt corrosion. This one-year experiment is conducted by electrochemical workstation to analyze the protective effect of coating on steel bars that in three conditions of natural environment, water and magnesium oxychloride solution.
EXPERIMENT
Experimental material. ZINTEK coating comes from German(a kind of zinc coating that includes a large number of ultrafine zinc-aluminum flake), MgO and MgCl 2 -6H 2 O are provided by Golmud City, Qinghai Province, Qarhan Saline Lake magnesium chloride plant, river sand is made from Shuifu Lanzhou, gravel is provided by Gansu Hualong concrete limited liability company, I grade fly ash is produced by a steel mill in Lanzhou, the KD naphthalene superplasticizer used comes from Tianjin Baishi Chemical Co., Ltd. Employing HPB300 steel bar and its yield strength is f y =300N/mm 2 . The mixing tap water is in accordance with the industry standard and requirements of "Standard Specification for concrete mixing water" JGJ63-2006. Experimental program. The length of HPB300 steel bar is 105mm and diameter is 8mm, the surface cover is removed through acid alkali wash 6 , preparation of magnesium cement concrete test blocks that with 100mm side length and use ZINTEK coating as the coating of steel bars. Put the test blocks into three groups according to the environment, each of the groups has three blocks. The steel bars were divided into A (25mm) and B (50mm), two circumstances according to magnesium cement concrete cover thickness. The first group was positioned in natural environment, the second group was placed in water, the third group was placed in magnesium oxychloride solution of 1.5mol/ chloride ion concentration L. Mixing proportion of magnesium oxychloride cement concrete is as the following table 1. Wuhan Kesite Instrument Co., Ltd. CS350 electrochemical workstation is employed as experimental apparatus, coating steel bar is acted as working electrode, thin stainless steel plate is acted as the auxiliary electrode and its electrode area is 20cm 2 . The area of the auxiliary electrode is larger than that of the working electrode. Saturated KCL electrode is acted as reference electrode. AC impedance measurement frequency range is 0.01Hz ~ 100000Hz, AC positive rotation excitation signal amplitude is 10mV, the AC impedance test using metal shielding for electromagnetic shielding. Test blocks are experimented once for every 90d. Table 2 . Correspondence between corrosion current density and steel corrosion. Polarization curve analysis. The anode polarization curve of the coating steel bars in the three environments is very steep, which indicates that the Tafel slope is very large [7] [8] . That is, the resistance of electrode anodic dissolution process is very large, which indicates that the steel bar is in a passive state, and vice versa indicates that the resistance of the anodic dissolution process is small. From Figure 1 to Figure 4 , it is easy to see that the upper half part of polarization curves is very steep and lower region is relatively flat, indicating that the coating has a good protective effect on steel bars and protect steel bars from corrosion. The positive movement of corrosion potential indicates that the corrosion of steel bar is difficult and the corrosion resistance of the coating is stronger. In the two solutions, the self-corrosion potential of either A or B is changed with time and from positive to negative. As the reaction is carried out, the self corrosion potential is changed back and forth. The reason is that the zinc and aluminum flake in the coating occurred sacrificial anode corrosion, the corrosion product is formed to prevent the further corrosion so that the corrosion rate is reduced, which makes corrosion difficult. With the further development of corrosion, the corrosion is easy to be carried out because of the diffusion of the corrosion products and the increase of the pore of the coating. After 360 days, in the natural environment and magnesium chloride solution, the self corrosion potential of coating steel bar A and B were moved to the right 0.137V, 0.003V, 0.116V, 0.009V, which indicates the difficulty of corrosion. The greater the corrosion current density of the coating steel bars, the greater the corrosion rate is. The corrosion current density determines the corrosion of the situation and its corresponding relationship is shown in table 2. In the same period the corrosion current density of coating steel bar A is greater than the coating steel bar B. It is indicated that the thickness of the protective layer of concrete has a protective effect on the coating steel bar. After 360 days, in the natural environment, water and magnesium chloride solution, the corrosion current density of the coating steel bar A and B is 1.
Reference table 2 shows that the corrosion current density is between 0.1μA·cm-2 and 0.5. It could be concluded that the coating steel bars are in low corrosion stage. From the above data, it can be known that the corrosion current density of A in magnesium chloride solution is the biggest in three kinds of environment, so it can be known that the corrosion of the steel is the most serious. According to the literature 9 we can see that in the same concentration of magnesium chloride solution, the corrosion current density of the steel bar is 5.1μA·cm -2 on the 360d which protective layer is 25mm, so that steel bar is in the moderate corrosion stage. Therefore the coating can better protect the steel from corrosion. Analysis of Nyquist plot. From figure 5, figure 7, figure 9 and figure 11 it can seen that Nyquist diagram appears the characteristics of two capacitive arcs. In the high frequency region a small radius arc occurs, and the lower frequency region appears to have a larger radius. Information of high frequency arc corresponds to coating, linear low frequency part of the corresponding interface information 10 . The obvious passivation characteristics of steel bar in concrete is high frequency and low frequency region appeared two capacitive arcs and low frequency capacitance arc is closely to a straight line [11] [12] [13] [14] . There is a large arc and close to a straight line in low frequency area of the figure, which indicates that the transmission resistance of the double layer on the surface of the steel bar is very large. But the corrosion current density from the table 5 to 3 shows that the coated steel bars are in a low corrosion stage from 90d, low frequency capacitive arc in Figure 5 , figure 7 is close to a straight line and close to 45 degrees. There is only one time parameter in Figure 8 and figure 10 and another time parameter has been in the production stage. Therefore, it is known that there is pitting corrosion of coated steel bars. The passivation agent in the coating is not sufficient to cause the ultrafine zinc aluminum flake to be in the passive state and react with the electrolyte solution. In Figure 7 , the low frequency capacitance arc approximate straight line on 180d is close to 45 degrees indicates Webb impedance occurred. The reason is that speed of corrosive medium into the coating is slower than the formed of interface corrosion products and the insoluble corrosion products in the interface should be diffused into the solution [15] [16] . There are two time parameters in Figure 10 and Figure 12 indicate that the electrolyte solution has been applied to the steel bar, and to destruct the bond between the coating and steel bar. Its low frequency capacitance arc approximation the slope of the line is 45 degrees in the corresponding Nyquist plots, showed that the diffusion effect. Corrosion products continue to diffuse into the solution and the area of pitting corrosion is increasing. The size of coating resistance indicates its ability of corrosion resistance. The beginning of the corrosion process is the penetration of the corrosion medium into the coating to increase the coating capacitance and reduce the resistance of the coating. As the process is carried out, Zn can be used as sacrificial anode to provide cathodic protection to the substrate because of the self corrosion potential is less than Fe and the corrosion channel are blocked by the corrosion products that caused coating resistance increase. Then, as the reaction is carried out, Weber effect occurs, and approximate straight line slope of the low frequency region is approximately 45 degrees. Webb effect will disappear in the process of corrosion, and the Webb effect will be repeated because of the corrosion of the coating.
Fitting of equivalent circuit. The equivalent circuit is shown as follows from the combination of Nyquist diagram and the Bode diagram. Equivalent circuit without Webb impedance is shown as Figure 13 and the analytical expression of the impedance is shown in formula 1 .The equivalent circuit with Webb impedance is shown in Figure 14 . Analytical expression of the impedance is shown in formula 2. 
Where R S is the resistance of the solution and concrete, Q C is coating capacitance, R C is the resistance of the coating, Q d,Zn means double layer capacitance of zinc particle that in surface coating, R t,Zn represents charge transfer resistance of zinc corrosion reaction, Q d,Fe is double layer capacitance on the surface of steel bar when pitting corrosion occurred, R t,Fe is charge transfer resistance of steel bar corrosion reaction, Q W is capacitance of zinc oxide and aluminum oxide. Because the aluminum content is too low the capacitance of the oxide can be neglected, it reflects the characteristics of the dispersion effect actually.
CONCLUSION
(1) After processed by coating, steel bar of magnesium cement reinforced concrete can still be good protected from corrosion in the natural environment, water and magnesium oxychloride solution of 3mol/L chloride ion concentration after 360 days. Even in the most severe corrosion of magnesium chloride solution, coating steel bar is still in a low corrosion stage.
(2) Corrosion current density of steel bar in magnesium cement reinforced concrete is affected by thickness of cover and it is reduced with the growth of magnesium cement concrete protection layer thickness. Coating steel bar corrosion current density of 50cm protective cover is half orders of magnitude smaller than the thickness of 25cm.
